The expected radioactive ion production rate for a 200 MeV/u 400 kW driver linac usingfour different production methods is discussed. For each isotope the optimum method is identified and the rate is calculated based on different model assumptions, empirical observation and extrapolations. The results are compared to the rates expected for a 550
I. INTRODUCTION
The full Rare Ion Accelerator (RIA) project is based on a superconducting linac which is capable of providing production beams ranging from about 1 GeV protons to 400 MeV/u U beams with a total power of 400 kW. The scientific merit of this facility is presently under review by the Rare Ion Science Advisory Committee (RISAC) [1] of the National Academy of Sciences. The present work represents an evaluation of the ion production capabilities of a facility based on a scaled down production accelerator with roughly half the beam energy but increased beam intensity, such that the full 400 kW beam power will still be available for isotope production. The production mechanism considered include only those needed for generating ions for re-acceleration, thus excluding the in-flight beam capability of the full RIA project. In order to evaluate the competitiveness of such a facility against other international reaccelerated beam facilities, a direct comparison of beam intensities relative to those expected for a 50 kW 550 MeV proton driver beam has been carried out. These parameters roughly correspond to those of the planned ISAC-II facility at the TriUniversity Meson Facility (TRIUMF) in Vancouver, Canada, which is expected to be the closest competitor in this area.
II. MACHINE CONFIGURATION
The machine configuration represent a shortened version of the Argonne version of the RIA driver linac. Instead of using 302 superconducting resonators in RIA, only 221 resonators comprise the driver linac in the scaled-down facility, here denoted AEBL for Advanced Exotic Beam Laboratory. Recent developments in heavy-ion ECR source technology [2] allows for a design with a factor two higher beam currents such that the total beam power is unchanged from the RIA design. The radioactive ion production rates discussed in the following are thus based on a driver linac capable 2 of providing the primary beams listed in Table. I [3] . The ion yields are all estimated under the assumption that the appropriate target technology capable of withstanding this beam power is available or can be developed. 
III. PRODUCTION METHODS
The production methods fall into two categories, namely those based on thick targets from which the ions are subsequently extracted by diffusion/effusion and ionized in an ion source, Fig. 1b , and those in which reaction products are brought to rest in a gas cell and extracted for further manipulation, Fig. 1a . The following four subsections discusses each production method separately and lists the relevant model assumptions and empirical information on which the rate estimates are based. 
A. Proton and 3 He induced spallation
Much experience has been gained using this production method at the Isotope Separator On-Line (ISOLDE) at CERN over the last several decades. An extensive set of data [4] on the extracted beam intensities is available for a very wide range of beams produced at this facility. This method is most productive for elements that diffuse rapidly out of the production target. For isotopes listed in the ISOLDE-SC database, we have thus used the observed production rates scaled appropriately with the available beam intensity to estimate the rates for the driver accelerator under consideration. Simple exponential extrapolations were done for elements for which a sufficient range of isotopic yields are listed in the ISOLDE-SC database. Corrections for decays occuring during the efusion/diffusion from the target, especially important for short-lived isotopes, were applied using extraction times measured for neutron The two-step fission method separates the beam-stopping Ta target from the UCx target, in which the radioactive ions are produced by neutron-induced fission via neutrons from deuteron bombardment of the central Ta target [6] . Since no direct experimental data are available on the production rate using this method, we rely exclusively on model calculations using the LAHET/MCNPX codes [7, 8] . The results have been corrected for decay during the release from the production target using the method and parameters of Rudstam et al. [9] . we use predictions from Ref. [10] . The estimate of the two-step fission production rates thus mirror those described in Ref. [14] .
C. Projectile fragmentation
A substantial amount of experiential data on this production mechanism have been accumulated at modern beam fragmentation facilities at GSI, Ganil and NSCL as summarized in the phenomenological EPAX model [11, 12] . We have used this model to estimate the production rate in projectile fragmentation except for the fragmentation of Th and U projectiles. In these cases some parameters in the model were adjusted to better reproduce observed production yields [13] . Since the model predicts only the production rate of isotopes flying out of the target, it is necessary to apply several efficiency factors in order to estimate the rate of 1 + ions available for re-acceleration. The 1+ rate is therefore given as
where rate out of the target R tgt is reduced by the following factors: P q , the population of charge state q, t FS , the transmission through the fragment separator assumed to have a solid angle of ∆Ω= 10 msr and a momentum acceptance of |∆p/p| ≤ 9%, t W , the transmission through an degrader wedge (assumed to be 100%), t GC , the transmission through the gas cell (assumed to be 20%), and
which takes into account the decay losses during the assumed T GC =20 ms residence time in the gas cell. In addition, the ion transmission rate through the gas cell is limited to 10 9 ions/sec. Although this upper limit is not known experimentally at this time, it is expected that the ionization density of the He gas will result in a screening of the longitudinal electric field that forces the ions toward the exit leading to a reduction of the transmission. The same limit was imposed on calculations presented in Ref. [14] . Note, however, that the correction for decay losses in the gas cell, S GC , was not included in Ref. [14] .
D. In-flight fission
This production mechanism is based on the fission decay of 238 U nuclei as they interact with a thin target e.g. a flowing thin sheet of liquid 7 Li. Estimates of the production rates were based on experimental data from GSI [15] and calculations using the PROFI model [16] were also used. As for the fragmentation method, the rates were corrected for the charge state population, mass separator, wedge, and gas cell transmission as well as the decays occuring during the gas cell residence time.
The lower 238 U beam energy as compared to the RIA facility especially affect the mass separator transmission because of the kinematics of the fission process. Note, that the present estimates differ from those of Ref. [14] by including the correction for decay losses in the gas cell, S GC .
IV. RESULTS
The yields of 1 + ions available for charge state breeding and acceleration are shown in Fig. 3 as a color map as a function of neutron number, N and atomic number Z.
Detailed plots for the production of individual elements are given in the Appendix. kW beam power using only the spallation reaction in the thick target using the same calculations. Such a facility corresponds roughly to the planned ISAC-II upgrada at TRIUMF. Isotopes indicated by a blue square with a central white dot are those for which the optimum reaction mechanism is proton spallation. The expected production ratio of eight therefore only reflect the increase in beam power from 50 kW to 400 kW. Isotopes, for which the production in the present machine exceed that of the 50 kW spallation driver by a factor between 10 to 1000 are indicated by a cyan color, whereas the yellow areas are isotopes produced at a rate more than 1000 times that of the spallation machine. From this comparison it is clear that there is a very large range of isotopes for which the present machine provides a very substantial advantage over competing technologies.
VII. COMPARISON TO THE FULL RIA FACILITY
It is of interest to compare the present calculations for a 200 MeV/u 400 kW production linac to those considered earlier for a 400 MeV/u facility with the same beam power. It is evident that for the majority of beam specied the production yield for the 20 MeV/u maching matches that of the 400 MeV/u facility because the beam power is the overriding factor, see some intensity for the most unstable beams as indicated by the yellow areas. There is, however, a significant range of beams, namely those that are optimally produced by in-flight fission [14] , for which the yield drops off by more than an order of magnitude. 
